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TITLE

Thermal and Structural Analysis

SUMMARY .
The Superbend Beamlines experience higher flux on photon stops than bend magnet beamlines. The
existing water-cooled stop design is analyzed to assess the affect of the increased power loads on both

OFHC and Glidcop® stops. Results of the finite element analysis are presented below.

INTRODUCTION _

The Superbend magnets produce a power distribution about four times that of the existing ALS bend
magnets. The current photon stops are directly cooled OFHC, designed to sustain a maximum power
load of about 1 kW. The stops have sofne measure of design margin with respect to heat loading but the
extent of that margin is difficult to quantify. Based on preliminary analysis results, it was decided to
manufacture superbend stops out of Glidcop® to provide a greater margin for thermal stress. Since there
is a wide range of incident power based on the stop location, further analysis is done to qualify the
Glidcop® stops. The OFHC stop is analyzed at the lowest power location to determine it if will sustain
superbend loads.

DISCUSSION

The ANSYS program was used to create three dimensional finite element models of the photon stop.
The stop was modeled using solid tetrahedral elements and an automatic mesher. The thermal model is
used to calculate the temperature distribution under superbend power which is then input as the structural
temperature load for the stress model.

Several preliminary finite element models were created to assess the various.configurations under ideal
and mis-steer conditions. Models for each location are the same but are cut in some cases as the actual
stops in certain locations are modified to provide clearance for adjacent beam. A complete analysis
includes thermal and stress analysis of the ideal and mis-steer power conditions under normal and low
water flow conditions. (Since early results indicated no significant difference from the full to the cut
stop, only the full model was retained.)

Figure 1a. shows a sketch of the photon stop. It is a brazed assembly with rectangular cooling channels.
Nominally, water is flowed through the stop at room temperature at a rate of 1 GPM, though onsite
measurements revealed a minimum flow rate of about 0.3 GPM in one of the water circuits. Anticipated
- heat loads vary from about 1132 W to 4 kW, depending upon the location of the exit port, distance from
the source and beam footprint. (See Table I.) At the lower power conditions, the existing design might
sustain the superbend power load.

Figure 2 shows the FE model with the applied loads and boundary conditions. (Appendix I contains
tabulated heat loads for each stop.) Table I lists the material properties and geometric parameters
common to all of the models, as well as the predicted heat loads for each location. (Appendix II shows

the convection coefficient calculations.)

The peak power loads on stop #4 are about 15% higher than those of stop #5, but the total power on #5
is more than twice that of #4. Early FE results indicated that stop #5 sees the worst case thermal stress.
Thus, stop #5 was selected for complete thermal and stress analysis.
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Stop #6 is furthest from the source and has the lowest incident power. However, it is of particular
interest as beamline and assembly schedules make a strong case for keeping the design unchanged if at all
possible. Since the #6 stop experiences lower heat loads, (on the order of 1IKW) it was deemed
worthwhile to analyze the OFHC stop under these superbend loads.

Finally, the blank-off flange (Figure 1b.) is analyzed under nominal conditions.

RESULTS

Figures 3 through 5 show temperature profiles and resulting stress distributions for stops #5 and #6, and
the blank-off flange. The maximum stresses on these plots would be unacceptably high if they
represented actual stresses. However, these stresses arise due to the simplifying model assumption that
the face to backplate braze joint is a homogeneous material connection. The geometry that results from
this assumption creates large stress raisers in the form of the deep crevices. (See Figure 6.) Since these
brazed photon stops have been in service for some years, it is reasonable to assume the real operating
stresses associated with the braze geometry are acceptable.

Comparing the models,

Predicted Material
Model Load (W) Max Stress (ksi) Allowable Stress (ksi)
Non-superbend 1000 29 10
(OFHCO)
Superbend 4000 86 43
(Glidcop®)

it is apparent that the load increased by a factor of 4 while the predicted max stress increased by a factor
of about 3. Since the allowable for Glidcop® is about four times that of OFHC, it follows that the

Glidcop® stop should perform about as well as the OFHC stop under the worst case conditions. As the
actual stresses are difficult to quantify, these ratios offer a qualitative assessment of stress under real
conditions.

Table I summarizes the delta-T, realistic stress values and safety factors for the various load cases. The
largest real stresses occur in the vicinity of the highest incident power loads.

CONCLUSIONS

The temperature rise and resulting stresses are acceptable even for the mis-steer on stop #5 provided it is
manufactured from Glidcop® and sees nominal water flow. The anticipated loads on stop #6 make it
marginal for OFHC under the worst case conditions, but as its use will be temporary, it is also deemed
acceptable. The blank-off flange temperatures and stresses are within acceptable limits.
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Figure 1a. Photon Stop.
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TABLE 1. Material Properties, Model Parameters, and Heat Loads

i.) Material Property Table.

Material E k Yield Strength
(MPa) (W/mm-K)) (ksi)
OFHC 119e3 1.77e-5 399 ) 10
304 Stainless 193e3 1.73e-5 .0162 33-35
Glidcop (AL-15)  131e3 1.66e-5 365 37 - 48
ii.) Model Parameters.
Heat Loads:
Location Total Power Peak Power
(W) (W/mm?)
Stop #4 2109 5.7
Stop #5 4400 4.9
Stop #6 1130 1.3
Blank-off Flange 1165 11.5
Convection Conditions:
Channel Dimensions __ Flow Rate Hs
(mm x mm) (GPM) (W/mm?- °C)
Stop: 4.8 x 4.1 1.0 .0152
Stop: 4.8 x 4.1 | 0.3 .007
Flange: 2.3 x 12.7 1.0 011



'do1g uojoyq 10y [epoIN JuswalT ojrur] "7 2181y i

$90BLING PAjeol]

sjurensuo)) 93pyg

S30BLING UOII09AUOD)

sjurensuo)) 23pg
SASNV




[~

— [~ ™
L)
(SRS

—
—

S87C0T
L8268
“ZL 5L
€917 29

1098
e

8E£0"GE
9LT 1T o

LEGTEFT= XKS
QLY "TZ= NKWS
ARh=5SHdAY
T=130vd%
soTydeasniasmod
0=5A5Y

(OAY) dIWA L
T=HWIL

T= dNs

T=dHdLS
NOILNTOS TWAON
GZ:09:F%1

coel T HNOC
P9 SASNY

o=
-~

=

[t

“‘wreoq [eurwiou pue AJO [ 18 G# doi§ 10J uonnquisip arnjeraduia ], “eg o1




[

c8e E6E= I
T e EH

6GLT802= q
£GP 291= a
LFT 9TT= 0
Z¥8"69= d
9¢G gg= 4
GET"LTF= XKWS
LTTEBE "= NKHS
LZ208E0"= XWa
(DAY) ADES
T=HHWIL

T= 9ns

T=dd.Ls
NOILNTOS TY¥dON
GZiLEFT

666T LZ IDO
F°G SASNY

"wIeaq [BUILIOU PUE JNJD T Je G# doJ§ I0f UonnquusIp ssans juseamnby  ‘qg omsig




186"8¥%1T
8eL VLT =
9197021 L]
£EFT90T L]
162 26 L_J
890°8L e
9887€9 “

£0L"6F
1267q¢ i
8EETT .
1867 8F 1= XWS
BEC"TZ= NWS
$8F " TT=0dEL
dINH.L
T=HWIL
T= d9ns
I=ddLS
NOILNTOS TYdON
GE€L¥:60
ge6T TZ TNr

F°G SASNY

"UIEaq paIo9)s-sTuI pue JNJD [ 18 G4 doy§ Joj uonnquystp armjeredwa], -o¢ a1ngn




) Sy d |
ABT F8G 66T

LSt pppo.7
sre bOSGGT b
m_..f gor eeT
" gzotTrr e
bz Gggrgg M
Lb Gprroo N
£ 909y
2 90p 7, R

<o [RINNA N
c0E 6 Z=9XNWS

F8G " 66T= XWS
T€E€9ZE "= NWS
FLGOF0 "= XWa
(DAY) ADES
T=AWIL

T= 49ns

T=dH.LS
NOILNTOS TY¥AON
ZT:0F:2T

666T TZ 1TnCL

PG SASNY

'WIBIq PaIo9)s-SI pue INJD T 18 G# do1S 10J UonNqLISIp Ssoms Jusreamby  'pg a8y




‘Weaq [euTwou pue AJD ¢°0 18 G# doig 1oy uonnquusip armjeradwa], "o¢ 9IS

80F " 0LT |
126 %G1
£€9°8¢T
9% L 22T
8587907

E
L]
1,670 A
pgotg, M
-l

i

.

96166
60E" LR
12F " LT
80F"0LT= XKWS
TZF"LZ= NWS
1eN=STIAY
T=1d0Vdq
soTydeanasmod
0=SASYH
(DAY) AL
T=HHWIL
1= dns
1=dH1S
NOILNTOS T¥JON
€l=0G:¢T
666T LT dHS _
P9 SASNVY T




"Weaq [eUIlIou pue NJD €0 38 G# do1s 10J uonnquisip ssans juafeAainbyg  J¢ 21ngig

9L67€24
998799F
LGLTLOF
L9 6ehE
84 T67
YA AR RN
eTe"9LT
T2 LTT
176G
FrO0Te6”
9L6"CG9= XNWS
F70Te6 "= NRWS
810990 = XWd
ABN=SHYAY
T=1dD¥dH
sotydeasasmog
(DAY) AQES
I=HNWIL

= 9ns

1=ddLs
NOILNTOS TYJON
£G:GE:9T

666l LT dES
PG SASNY T




i,

GEBTGLT
ELETBGT R
[18° 21 L]
62 921 L]
L89760T L]
GZT1 €6 =
€98 739L =
100703 —
6L EF —
LL879¢ .
$E€6°GLT= XWS
LL89Z= NWS
LEL"ZT=DdHL
dWEL
T=HWIL
I= dns
T=diLs
NOIILNTOS T¥JON
69:62:60
666l 22 1Inr

PG SASNY

"WBIq POIAA)S-SIW PUB AJD) €°() I8 G# doig 101 uonnqmsip arnjerodwoy, “S¢ I3




[

b <8 €08 T6G
L 607926 JI-
B 99 9LE£"09F
£rs €99 pge —J
LLh G6"8Z¢
T B¢ 9€2"£97 “
Lot €ZG 16T
]
N
[

b T8°T¢T
26 960799
LTTE8ES
£08"Teg= XNWS
LTTEBE "= NKW
LZ208€0"= XWd
JCeN=SHYAY
T=LHDOVIH
sotydeasasmogd
(DAY) ADES
I[=HKWIL
I= d9ns
I=ddLs
NOILNTOS TYJON
0€:6G:GT
66T 67 diES
"G SASNY

"WEIq PI99)S-STW .?m NdD m..o 18 G# dojg 10J uonnqIUSIp ssons JusfeAmnby  y¢ oSy




e

978" 1g
8rE8F
6F8 T
1€ TF
498" LE
PGE FE
9487 0¢
LSE"LZ
698" ¢C
9€70¢
9787 19= XWS
9£°0Z= NKWS
1CN=SHYAY
[=LEOVIH
soTydeagasmog
0=SAsH

(DAY) dHHLL
T=HHWIL

[= 9ns

T=dHa1s
NOILNTOS TYAON
SFLZi60

666T €2 NAC
F'S SASNY

0L

5

'WIEaq [BUIWIOU pUR A0 [ Te 94 doig 101 uonnqrysip amyeradway, ey a3y




T BZTTERS

99€" LY

it F09°0F
BERA

B

[ ]
80" .7 ma
LTE0Z -
]

]

GGG ¢l
£€6L79
£0TEC0 T -
68" 09= XWS
€0TE€0 = NWS
SGe¥0T0 "= XWd
ACHN=SHYAY
T=LHOVHH
soTydeasnaamog
(DAY) AQES
T=HKWIL
= d9ns
1=ddLsS
NOILNTOS TY¥dON
eP+C0:¢€T
66T FZ NACL
F*G SASNY

‘UBaq [eurou pue O 1 1e 9# doiS 10 uonnqLusIp ssexs 1uereAmmby  -qp oSy /




A

"WESq PaIaals-siw pue NGO [ 18 9# dois 107 uonnquysip arnjerodwo], "oy am3ng

£897¢€G
LI96 6T
GZT9F
£E€S"Zh
918" 8¢
660°G¢
Z28E°T¢
G99 LZ
8re"€¢
1€z 0¢
£897€G= XWS
1€202= NWS
1BW=SHYAY
I=LHOVAH
soTydeasasmod
0=SASYH

(DAY) dWI L,
T=HHWI.L

= 9Nns

T=ddLs
NOILNTOS TY¥dJON
AR ARl

666T 0¢& TINr
F°S SASNY T

RRRERCCON




€1z 00t
G80°68
896" LL
£87°99
¢0L'9S
SLG" TP
LFF €€
el&" ¢
COT TT
TTZr90-"
€12 00T=
11ZF90 =
GCLTTIO0 =
APW=SHYAY
I[=LdOV A
sotTydeanaemog
(DAY) ADES
T=HWIL
I= 9ns
I=dd1S
NOT.LNTOS TYdON
O9F:0T:¢T
6eeT ¢ 9DN¥Y
P°G SASNY

RRNEELICN

288

"Weaq PaIavls-SIW pue NJO | 38 94 dolS I0J uonnqrusip ssans juseainbg “p

$ 2131




QLT T¢
§Z8"Le
FLE B
N N 4
CLLTLT
12 71
LO°TT
eTL™L
8OC"F
LTO"T
SLT Te=
LTO"T=
GCLTTO =
JeN=SHYAY
I=LHOVHH
sotydeasasmog
(DAY) AQHS
I1=EWIL
T= 9ns
T=dHLSs
NOILNTOS TYdON
FG:ZT-8T
666T L 12O
7' SASNVY

‘Weaq parssss-stut pue NGO 1 18 94 doig JoJ oorjIns Po1BaY Je UONNQLISIP SSaNS Py 2Indr




i/

b
i

UIB9q TeurwIou pue NGO ¢ e 94 doig 105 uonnquIsIp armyeradwo ], ‘o4 a1ngrg

L8T"6G :
GZ0°GG =B
£98°0G
L°9F D
8EGZF —
GLE"BE -
el "pe SN
1S0°0¢ I
888°GZ .
g9cL 12 L
L8T " 6G= XWS
9ZL"TZ= NRWS
APN=SHYAY
T=LHDVHH
sotydeanismodg
0=SASYd
(DAY) dWH L
T=HWI.L
T= 9ns
I=dd.LsS
NOILNTOS TY¥AoN
LEZEGT
666T ¥z NOC
b'G SASNY I




20

. 'Weaq [eutuou pue IO €0 18 9# doiS 10J UONNQLISIp sSoxs Eo_m\,.gvm ‘I o8y

Nl
L]
¢

b

Lo
Vi

997 ERT \

OTL LZT L
8LTTT m
€78 66
LOB 6L
1L67¢€9
F€0"8F
8e0"c¢
91791
981627
99" ECFT= XWS
98TGZZ "= NKWS
£€08T0 "= XWd
IEN=SHHAY
1=1LHDVaH
soTydeagiamog
(DAY) ADES
T=dWIL
T= 49ns
T=ddLs
NOILNTOS TWdON
60:20:9T
666T ¥Z NAC
7*G SASNV T




SN

o 2997

;o ZB6'be
| 9G€ " T¢
L 69LLZ
281" %2
565707

600" LT

AA RN
S€8°6

6529

che"ve=
99" ¢=
6FFLTO = XWQ
JeHN=STHAY
T=LHOVY.IH
soTydeasaamog
(DAY) AOES
T=EWIL

T= dns

I=diLsS
NOILNTOS T¥dON
00:8G:60

666T GZ NACL
F°G SASNY

'HIESq [eUTUIOU pUE ]NJD) €0 Je 9 do)g 10} 90BJINS PARAY Je UonNquusIp ssang - Jp anJig




fo

l»

A

78919
L0Z" LS
62L°2G
AR A
GLLER
862 6¢
Z8°F¢
everog
998°G¢
88¢ " TC
789" T9= XWS
88E7TZ= NWS
JEN=SHHAY
I=LEDOV.IH
soTydeasasmog
0=SASY

(DAY) dWH.L
T=HWIL

I= d9ns

IT=ddLs
NOILNTOS TYAON
O0F:60:FT

666T ¢ 9HNv
7S SASNY

RRERECCCE

~ T T . or
/

'HIBSq Paloays-stwl pue INJD ¢°0 18 9# dois 10y uonnquusip ornjeredire I ‘8¢ a8y




Y

997112
£80788T1
909" %91
elT " TFT
CS9TLTT
QLT %6
6697 0L
CCZLE
GPLTEZ
690892
96 °T1¢=
690897 "=
BEFOTO =
JRN=SHUAY
I=LHDOVYAH
soTydeasasmog
(DAY) ADES
T=HWIL
= dns
I=ddLs
NOILNTOS TYJON
L=TFiFT
6eeT 2 9Nv
F°G SASNY

BRNEEL N

258

'UIBIq paradls-siw pue JNJD €0 e 94 dog 10g uonNQLISIp ssans jusfeamby -y, omsiy




90T LTI
pgo-,o7
290" Lg LEEE
F0'L8 —
8T0 L.
966 00 M
7L6" 95 B
66 op MM
1c6oc I
606°9; 1IN
90T LTIT= XWS
606 92= NWS
FLb " 62=Dd4L
JNEL

T=TWIL

T= €ns
T=daLs
NOIINIOS TY¥AON
6T:6G:0T
666T TZ IDO

PG SASNY

}hrﬁ wo Ay = i LTTIOo" = JH mN\@@.ﬁH =d uMECm.:_”M

‘Weaq [eurwiou pue NJO [ ¥e 93uefy jjo-yuerq 10§ uonnquysip srmgeroduro ], "8G 2Indrny T




0=zn=an ‘zum/M .°TIT = 3d ‘z/G91T1 = 4 ‘gprsjoagury

‘HEB3q [RUIWIOU PUB NGO [ Je 93Ue[y Jjo-yuelq 10} UOUNQINSIP Ssa1s JuseAlnby  “qg a3y

) 8y VAW

N 647021
7<) T€2°L0T
EALL 280°¥76
g FE6708
5 G8L LY
L LED"BG
K 88F " T¥
b 6£€°87
» T6T°GT
Z70° 7
296" GLT=dXNS
6LE"0ZT= XWS
ZF0"Z= NWS
2222L0"= WA
(DAY) ADES
T=HNTL

T= 4ns

T=d7LS
NOIINTOS TYAON
9G:1ZGITT

6661 TZ 100
F°G SASNY T




TableII. Photon Stop Superbend Analysis Results Summary

Flow Beam Max Safety
Component Condition Position AT Stress Factor
(GPM) (°0) (ksi)
PS #5 1.0 Nominal 123 16.8 . 2.5
1.0 +1.2mm* 127 20.9 2.0
0.3 Nominal 143 21.2 2.0
0.3 *1.2mm 149 249 1.7
PS #6 1.0 Nominal 31 3.3 3.0
1.0 +1.2mm 33 4.8 2.1
0.3 Nominal 38 5.1 2.0
0.3 . £1.2mm 40 6.7 1.5
Flange 1.0 ‘Nominal 90 17.0 2.0

* Mis—steer condition



Backplate

Faceplate

Figure 6. Model detail view showing geometric stress raiser.




Appendix I. Heat Load Plots and Tables
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Subject: data for ps #5
Date: Tue, 13 Apr 1999 16:02:08 -0700
From: Steve Marks <s_marks@lbl.gov>

Organization: Lawrence Berkeley National Laboratory
To: Carol Corradi <CACorradi@lbl.gov>

# Ee = 1.9, I = 0.4
#  x(mm) y (mm) dP (W/mm~2)

.230e-01
.243e-01
.254e-01
.264e-01
.271e-01
.277e-01
.281e-01
.283e-01

-61.450 -12.800 1
-55.305 -12.800 1
-49.160 -12.800 1
=-43.015 -12.800 1
-36.870 -12.800 1
-30.725 -12.800 1
-24.580 -12.800 1
-18.435 . -12.800 1
=12.290 -12.800 1.285e-01
-6.145 -12.800 1.284e-01
0.000 -12.800 1.282e-01
6.145 -12.800 1.279%e-01
12.290 -12.800 1.274e-01 |
18.435 -12.800 1.267e-01
24.580 -12.800 1.259%e-01
30.725 -12.800 1.249%e-01
36.870 -12.800 1.237e-01
43.015 -12.800 1.223e-01
49.160 -12.800 1.206e-01
55.305 -12.800 1.187e-01
1

61.450 -12.800 .166e-01
-61.450 -12.288 1.376e-01
-55.305 -12.288 1.391e-01
-49.160 -12.288 1.403e-01
-43.015 -12.288 1.413e-01
-36.870 -12.288 1.422e-01
-30.725 -12.288 1.428e-01
~24.580 -12.288 1.433e-01
-18.435 -12.288 1.435e-01
-12.290 -12.288 1.437e-01

-6.145 -12.288 1.436e-01

0.000 -12.288 1.434e-01
6.145 -12.288 1.430e-01

12.290 -12.288 1.425e-01

18.435 -12.288 1.417e-01

24.580 -12.288 1.408e-01

30.725 -12.288 1.397e-01

36.870 -12.288 1.383e-01

43.015 ~-12.288 1.367e-01

49.160 -12.288 1.34%e-01

55.305 -12.288 1.328e-01

61.450 ~-12.288 1.304e-01
-61.450 -11.776 1.545e-01
=55.305 -11.776 1.562e-01
-49.160 -11.776 1.575e-01
-43.015 -11.776 1.587e-01
-36.870 -11.776 1.596e-01
-30.725 ~11.776 1.603e-01
-24.580 -11.776 1.609e~-01
-18.435 -11.776 1.612e-01
-12.290 -11.776 1.613e-01

-6.145 -11.776 1.613e-01

1of18
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.290
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.192
.192
.192
.192
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.680
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.680
.680
.680
.680

.168
.168
.168
.168
.168
.168
.168

www.wwwwuwwwww

wwwww.&a»&n.ﬁba.&.&baaahwu

&hbbhbb&&bbﬁ&bbh&ﬁ&bd}
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.554e-01
.552e-01
.548e-01
.538e-01
.524e-01
.506e-01
.483e-01
.455e-01
.422e-01
.383e-01
.338e-01
.286e-01
.227e-01

.955e-01
.996e-01
.032e-01
.061e-01
.085e-01
.103e-01
-116e-01
.124e-01
.128e-01
.126e-01"
.121e-01
.110e-01
.09%4e-01
.073e-01
.046e-01
.014e-01
.975e-01
.930e-01
.877e-01
.817e-01
.749e-01

.621e-01
.66%e-01
.711e-01
.745e-01
.772e-01
.794e-01
.810e-01
.819%e-01
.823e-01
.821e-01
.815e-01
.802e-01
.783e-01
.75%e-01
.727e-01
.690e-01
.644e-01
.592e-01
.530e-01
.460e-01
.380e-01

.431e-01
.489%e-01
.537e-01
.577e-01
.610e-01
.635e-01
.653e-01

50f18

-61.
-55.
-49.
~43.
-36.
-30.
-24.
-18.
-12.
-6.
.000
. 145
12.
18.
24.
30.
36.
43.
49.
55.
61.

-61.
-55.
-49.

~-43
-36
-30

.435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
-450

450
305
160
015
870
725
580
435
290
145

290
435
580
725
870
015
160
305
450

450
305
160
.015

.870

.725

.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168
.168

.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656
.656

.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
.144
. 144
.144

.632
.632
.632
.632
.632
.632

wmmmmwwmmmwmmm
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.664e-01
.66%9e-01
.667e-01
.65%e-01
.644e-01
.622e-01
.593e-01
.557e-01
.512e-01
.45%e-01
.397e-01
.325e-01
.243e-01
.149%e-01

.423e-01
.491e-01
.548e-01
.59%96e-01
.634e-01
.664e-01
.686e-01
.698e-01
.704e-01
.702e-01
.693e-01
.675e-01
.649%e-01
.615e-01
.572e-01
.519e-01
.456e-01
.383e-01
.298e-01
.200e-01
.089%e-01

.642e-01
.722e-01
.790e-01
.847e-01
.893e-01
.928e-01
.954e-01
.969%e-01
.976e-01
.973e-01
.962e-01
.%41e-01
.910e~-01
.870e-01
.818e-01
.756e-01
.681e-01
.59%4e-01
.493e-01
.377e-01
.245e-01

.144e-01
.240e-01
.321e-01
.389%9e-01
.444e-01
.486e-01



aata 1or ps #5

-36

-30.

~24
-18
-12

-6

12
18
24
30

36.

43
49

55.

61

-61.

-55

-49.
-43.
-36.
-30.
-24.
-18.

-12
-6

12
18
24
30
36
43
49
55
61

-61

-55
-49
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.870
725
.580
.435
.290
.145
.000
.145
.290
.435
.580
.725
870
.015
.160
305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

450
.305
160
015

725
580
435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305
.160

870 .

.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560
.560

.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048.
.048
.048
.048
.048
.048

.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536
.536

.024
.024
.024

RN NNDNNOONNNDNDNDNDN

WWWWWWWWWWWwWwwwwwWwwwwww

WWWWWWWWWwwuwwwuwwwwwwww

=

.885e+00
.898e+00
.907e+00
.913e+00
.916e+00
.914e+00
.911e+00
.903e+00
.892e+00
.877e+00
.858e+00
.835e+00
.808e+00
.776e+00
.740e+00
.697e+00
.649%e+00

.282e+00
.316e+00
.345e+00
.370e+00
.389%e+00
.404e+00
.415e+00
.422e+00
.425e+00
.423e+00
.419e+00
.410e+00
.397e+00
.37%e+00
.357e+00
.331e+00
.299%9e+00
.261e+00
.218e+00
.16%e+00
.112e+00

.766e+00
.805e+00
.838e+00
.866e+00
.889%e+00
.906e+00
.91%e+00
.926e+00
.930e+00
.928e+00
.923e+00
.912e+00
.897e+00
.877e+00
.852e+00
.821e+00
.785e+00
.742e+00
.693e+00
.636e+00
.571e+00

.186e+00
.230e+00

4.267e+00

data 10T ps #>

-43
-36
-30
-24
-18
-12

-6

12
18
24
30
36
43
49
55
61

-61.
-55.
-49.
-43.
-36.
-30.

-24

-18.

-12

-6.

12.
18.

24

30.
36.
43.
49.
55.
61.

-61.
-55.
-49.

-43

-36.
-30.
-24.
-18.

-12

-6.

12.

18
24
30
36
43
49
55
61

-61
-55
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.015
.870
.725
.580
.435
.290
. 145
.000
. 145
.290
.435
.580
.725
.870
.015
.160
.305
.450

450
305
160
015
870
725
.580
435
.290
145
.000
.145
290
435
.580
725
870
015
160
305
450

450
305
160
.015
870
725
580
435
.290
145
.000
.145
290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305

SiejeloloNoNoNoNoNoNoNoNeololoRoloRoReReRe)

oo

.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024
.024

.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512
.512

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.512
.512

(O I L T T Y~ SN N - . N SO - NO . NO NO  NE

Bl T A Y S Y S Y SN S S N Y N N

bbbbba&bbbhbb@bbbhbbb

NN Y

.298e+00
.323e+00
.342e+00
.356e+00
.365e+00
.369e+00
.367e+00
.361e+00
.349%e+00
.333e+00
.310e+00
.282e+00
.248e+00
.208e+00
.160e+00
.105e+00
.042e+00
.970e+00

.476e+00
.523e+00
.562e+00
.595e+00
.622e+00
.642e+00
.658e+00
.666e+00
.671e+00
.669e+00
.663e+00
.650e+00
.632e+00
.608e+00
.579%9e+00
.542e+00
.499%e+00
.448e+00
.38%e+00
.322e+00
.245e+00

.578e+00
.626e+00
.667e+00
.700e+00
.727e+00
.749%e+00
.764e+00
.773e+00
.777e+00
.775e+00
.769e+00
.757e+00
.738e+00
.714e+00
.683e+00
.646e+00
.602e+00
.550e+00
.490e+00
.421e+00
.342e+00

.472e+00
.519e+00



data for ps #5

~-61
-55
-49
-43
-36
-30
~24
-18
-12

-6

12
18
24
30
36
43
49
55
61
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.450
.305
.160
.015
.870
.725
.580
.435
.290
. 145
.000
. 145
.290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145

.000
. 145
.290
.435
.580
.725
.870
.015
.160
. 305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145
-000
.145
.290
.435
.580
.725
.870
.015
-160
.305
. 450

bbb&bbbbb&bb&bbbhbbbb wwwwuwwwwwwwwwwwwwwww

bbbbbbbbbbbs&bbbbbbbbb

.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584
.584

.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096
.096

.608
.608
.608
.608
.608
.608
.608
.608
. 608
.608
. 608
.608
.608
. 608
.608
. 608
. 608
.608
. 608
.608
. 608

-940e+00
.960e+00
.977e+00
.991e+00
.003e+00
.012e+00
.018e+00
.022e+00
.024e+00

1
1
1
1
1
1
1
1
1
1
1
1.
1.
1.
1.
1.
1.
1.
1
1
1

H»aFAHrAFAHrahAHrthH»~»4H+~hJH'H;~

1
1
1
1
2
2
2
2
2
2.
2.020e+00
2.
2.
1.
1.
1.
1.
1.
1.
1.
1.

023e+00

015e+00
007e+00
997e+00
984e+00
968e+00
950e+00
928e+00
902e+00
873e+00
840e+00

604e+00

621e+00
635e+00
647e+00
656e+00
664e+00
669e+00
672e+00
674e+00
673e+00
671e+00
667e+00
660e+00
652e+00
641e+00
628e+00
612e+00
594e+00

.573e+00
.549e+00
.522e+00

.327e+00
.340e+00
.352e+00
.362e+00
.370e+00
.376e+00
.380e+00
.383e+00
.384e+00
.383e+00
.382e+00
.378e+00
.373e+00
.366e+00
.357e+00
.346e+00
.333e+00
.318e+00
.301e+00
.281e+00
.259e+00

data tor ps #>

-61.
-55.
-49.
-43.
-36.

-30

-24.
-18.

=12
-6

12
18
24
30
36
43
49
55
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.450
.305
.160
.015
.870
.725
.580

.435
.290
. 145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435
-290
-145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

450
305
160
015
870
.725
580
435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305

U'\U1U1U'1U\U1U1LNUTU101U1U’\U1U1U'1U1U\U1UWU1

mmmwwwmmmwwmmwmmmmwmm
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.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120
.120

.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632
.632

.144
. 144
. 144
.144

144

.144
.144
.144
.144
. 144
.144
.144
. 144
. 144
.144
.144
. 144
.144
.144
.144

mmmwmww@wwmwmwwmmwmwm HHI—‘)—‘HHI—‘HHHI—‘)—‘P—‘}—J)—JI—'HHH}—'D—‘

\)\J\l\)\l\)\l\l\l\l\)\!\l\l\l\l\l\]\l\l

-09%e+00
-111e+00
-121e+00
-129%e+00
.135e+00
-140e+00
.144e+00
.146e+00
.147e+00
.146e+00
-145e+00
.142e+00
-138e+00
.132e+00
-124e+00
.116e+00
.105e+00
.093e+00
.078e+00
.062e+00
.043e+00

.148e-01
.243e-01
.324e-01
.391e-01
.445e-01
.487e-01
.517e-01
.535e-01
.544e-01
.540e-01
.527e-01
.502e-01
.466e-01
.418e~-01
.357e-01
.283e-01
.195e-01
.092e-01
.972e-01
.836e-01
.680e-01

.651e-01
.731e-01
.798e-01
.854e-01
.899%e-01
.934e-01
.960e-~-01
.975e-01
.982e-01
.978e-01
.968e-01
.947e-01
.917e-01
.876e-01
.825e-01
.764e-01
.690e-01
.604e-01
.504e-01
.390e-01
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.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145
.000
.145
.290
.435
.580
.125
.870
.015
.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435
.290
.145
.000
.145
.290
.435
.580
.725
.870
.015
.160
.305
.450

.450
.305
.160
.015
.870
. 725
.580
.435
.290
. 145
.000
.145
.290
.435
.580
.725
.870

(Ve I\ Vo]
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10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

.216
.216
.216

.128
.728
.728
.728
.728
.728
.728
.728
.728
.1728
.728
.728
.728
.728
.728
. 728
.128
.128
.728
.728
.128

240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

752
752
752
752
752
752
752
752
752
752
752
752
752
752
752
752
752

NN N

NNNNNNDNNNNONNODNNNNNNDNNNDNDNDDNDNND

NDNONNNODNNNDNDNONNDNDNNDNDNDNDNNDDNDND

EFNNMNONNNDNDNNODNNDNDNDNDNDNDND -

.907e-01
.863e-01
.813e-01

.581e-01
.608e-01
.631e-01
.649e-01
.665e-01
.676e-01
.685e-01
.690e-01
.692e-01
.691e-01
.688e-01
.681le-01
.671e-01
.657e-01
.640e-01
.619%e-01
.594e-01
.565e-01
.532e-01
.494e~-01
.450e-01

.260e-01
.283e-01
.303e-01
.319e-01
.333e-01
.343e-01
.351e-01
.355e-01
.357e-01
.356e-01
.353e-01
.347e-01
.338e-01
.326e-01
.311e-01
.293e-01
.271e-01
.246e-01
.217e-01
.183e-01
.145e-01

.988e-01
.008e-01
.026e-01
.040e-01
.052e-01
.061le-01
.068e-01

.072e-01
.073e-01
.073e-01
.070e-01
.064e-01
.057e-01
.046e-01
.033e-01
.017e-01
.998e-01
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43
49
55
61

~61
-55
-49

-61.
-55.
-49.
-43.
-36.
-30.
.580

-24

-18.
.290
-6.
.000
. 145
.290
18.

-12

12

24
30

55
61

-61.
-55.
-49.
-43.
-36.
-30.
-24.
-18.
-12.

-6.
.000
.145

12.
18.
24.
30.

.015
.160
.305
.450

.450
.305
.160
.015
.870
.725
.580
.435

.290
.145
.000
. 145
.290 -
.435
.580
.725
.870
.015
.160
.305
.450

450
305
160
015
870
725

435

145

435

.580
.725
36.
43.
49.
.305
.450

870
015
160

450
305
160
015
870
725
580
435
290
145

290
435
580
725

10

10.
10.
10.

11.
11.
.264
11.
11.
11.
11.
11.
11.
11.
11,
11.
11.
11.
11.
11.
.264
11.
11.
11.
11.

11

11

11
11

11
11

11
11

11.
11.
11.
.776
.776
11.
11.
11.
11.
11.

11
11

12

12
12

12

12.
12.
12.
12.
12
12.

.752
752
752
752

264
264

264
264
264
264
264
264
264
264
264
264~
264
264
264

264
264
264
264

.776
.776
11.
11.
.776
.776
11.
11.
11.
.776
.776

776
776

776
776
776

176
776
776

776
776
776
776
776

.288
12.
12.
.288
.288
12.
12.
.288
12.
12.

288
288

288
288

288
288
288
288
288
288

.288

288

O e e 2 e b e b b e e e b e
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.976e-01
.950e-01
.920e-01
.887e-01

.757e-01
.775e-01
.790e-01
.803e-01
.813e-01
.821e-01
.827e-01
.831le-01
.832e-01
.832e-01
.829e-01
.824e-01
.817e-01
.808e-01
.797e-01
.782e-01
.766e-01
.746e-01
.723e-01
.697e-01
.667e-01

.559e-01
.575e-01
.58%e-01
.600e-01
.609%e-01
.616e-01
.622e-01
.625e-01
.626e-01
.625e-01
.623e-01
.619e-01
.613e-01
.605e-01
.595e-01
.582e-01
.567e-01
.550e-01
.529%e-01
.506e-01
.480e-01

.390e-01
.404e-01
.416e-01
.426e-01
.434e-01
.441e-01
.445e-01
.448e-01
.449%e-01
.449%e-01
.447e-01
.443e-01
.437e-01
.430e-01
.421e-01
.410e-01

33
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Subject: power density for ps 6
Date: Thu, 10 Jun 1999 16:10:39 -0700
From: Steve Marks <s_marks@lbl.gov>
Organization: Lawrence Berkeley National Laboratory
To: Carol A Corradi <CACorradi@Ibl.gov>

This is power density for photon stop #6. The data format is same as
before: (x, y) are attached to local rotated coordinate system.

# Ee = 1.9, I =0.4

# x(mm) y (mm) dP (W/mm"2)
-68.250 -12.800 1.495e-01
-61.425 -12.800 1.488e-01
~54.600 -12.800 1.480e-01
-47.775  -12.800 1.471e-01
-40.950 -12.800 1.462e-01 i .
-34.125  -12.800 1.452e-01
-27.300 -12.800 1.441e-01
-20.475 -12.800 1.429e-01
-13.650 -12.800 1.416e-01

-6.825 -12.800 1.402e-01
0.000 -12.800 1.388e-0L
6.825 -12.800 1.372e-01

13.650 -12.800 1.356e-01

20.475  -12.800 1.338e-01

27.300 -12.800 1.319e-01

34.125  -12.800 1.299-01

40.950  -12.800 1.278e-01

47.775  -12.800 1.255e-01

54.600 -12.800 1.231e-01

61.425 -12.800 1.206e-01

68.250  -12.800 1.179e-01

-68.250 -11.520 1.890e-01
-61.425 -11.520 1.881e-01
-54.600 -11.520 1.871e-01
-47.775  -11.520 1.860e-01
-40.950  -11.520 1.848e-01
-34.125 -11.520 1.835e-01
-27.300  -11.520 1.822e-01
-20.475  -11.520 1.807e-01
-13.650 -11.520 1.791e-01

-6.825 -11.520 1.774e-01
0.000 "-11.520 1.755e-01
6.825 -11.520 1.736e-01

13.650 -11.520 1.715e-01

20.475  -11.520 1.692e-01

27.300 -11.520 1.668e-01

34.125  -11.520 1.643e-01

40.950 -11.520 1.616e-01

47.775  -11.520 1.587e-01

54.600 -11.520 1.557e-01

61.425  -11.520 1.525e-01

68.250  -11.520 1.491e-01

-68.250  -10.240 2.416e-01
-61.425  -10.240 2.405e-01
-54.600  -10.240 2.392e-01
-47.775  -10.240 2.378e-01
-40.950  -10.240 2.363e-01
-34.125  -10.240 2.347e-01
-27.300  -10.240 2.330e-01
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.144e+00
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.022e+00
.018e+00
.013e+00
.008e+00
.002e+00
.956e-01
.884e-01
.806e-01
.721e-01
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Appendix II. Convection coefficients calculations F4oTom Stop
CONVECTIVE FILM COEFFICENT CALCULATIONS 16rM
FOR WATER
Fluid Flow Heat Transfer Equations 10/26/99
Height,in Width, in Length, in
0.160 0.188 3.937
Change only Values that appear in Bold Tube Width, 1 Tube Height, u Ratio
This sheet for Rectangular Sections 4775.20 100000.00 21
HYDRAULIC DIAMETER Dh = 4A /P
A [sq.in.] P [in.] Dh [in.] equivalent
003 0.70 0.17 , Diam [in.]
0.20
A [sq.cm] P [cm] Dh [cm.]
0.19 1.77 0.44

FLOW RATE q= VA
FLOW RATE Q [gal/min] = (q [cu.ft/sec])(60 [sec/min])(7.479 [gal/cu.ft]) - .

V [ft/sec] A [sq.ft] q [cu.ft/sec] Q [gal / rmn]
10.00 2.09E-04 2.09E-03 ol ele 2N gt L4

REYNOLDS NUMBER= 13330
Re = (V [ft.sec] x Dh [ft] x rho {(Ibm/cu.ft]) / mtu [Ibm/ft. sec]
\'%

Dh rho mu

[ft/sec] [ft] [Ibm/cu.ft] [Ibm/ft.sec)
10.00 1.44E-02 62.3 6.73E-04
@20 deg.C @20 deg.C

CONVECTION HEAT TRANSFER
Film Coefficient hf = (k/Dh) x Nu

Conductivity Hydraulic. Dia. Prandtl
k [W/cm-K] Dh [cm] ' Pr
@20°C @20°C
6.02E-03 0.439098851 8.56

per Seider and Tate Eqn's (+/-25%)

Eq 6-2 (Conservative w/res to 6-3) TURBULENT Re > 3000
(mu/muW =1) Film Coefficent
Nu 1.89E-02 for +25%

hf [W/ s .mm-K]

110.17 1.13E-02 for -25%

WATER TEMPERATURE RISE
Delta-T [deg.C] = .0038 x P [W]/ Q [gal/min]

P[W] Q(gal/min] Delta-T [deg.C]
*
400 0.94 1.6 <-Should be less than 40°C

100 0.94 0.4

*See page 178 of Holman's Heat Transfer (Orange cover)
Recall Nu=hD/K

Eq. 6-5
Nusselt Channel Length LAMINAR hf +/-25%
Number L{cm] Film Coefficent
LAMINAR hf [W/sq.mm-K]
(assumes (assumes Re Pr Dh/ L>10)
mu/muW = 1) 5.45E-03 for +25%
31.83 10.00 [ 436E03 | 327E-03 for -25%

For L= 100 mm
Re PrDh/L = 5010.3
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CONVECTIVE FILM COEFFICENT CALCULATIONS 03 6P
FOR WATER
Fluid Flow Heat Transfer Equations : 10/26/99
Height,in Width, in Length, in
0.160 0.188 3.937
Change only Values that appear in Bold Tube Width,p  Tube Height, p Ratio
This sheet for Rectangular Sections 4775.20 100000.00 21
HYDRAULIC DIAMETER Dh = 4A /P
A[sq.in.] P [in.] Dh [in] equivalent
0.03 0.70 0.17 , Diam [in.]
0.20
A [sq.cm] P [em) Dh [cm.]
0.19 1.77 0.44

FLOWRATE q=VA
FLOW RATE Q [gal/min] = (q [cu.ft/sec])(60 [sec/ min])(7.479 [gal/cu.ft]) - -

V [ft/sec] A [sq.ft] q [cu.ft/sec] Q [gal/min]
3.20 2.09E-04 6.68E-04 *13:00E:0ke

REYNOLDS NUMBER= 4266
Re = (V [ft.sec] x Dh [ft] x rho [Ilbm/ cu.ft]) / mi [Ibm/ft.sec]

v Dh rho mu
[ft/sec] [ft] [Ibm/cu.ft] [Ibm/ft.sec]
3.20 1.44E-02 62.3 6.73E-04
@20 deg.C @20 deg.C

CONVECTION HEAT TRANSFER
Film Coefficient hf = (k/ Dh) x Nu

Conductivity Hydraulic. Dia. . Prandtl
k [W/em-K] Dh [cm] Pr
@20°C @20°C
6.02E-03 0.439098851 8.56

per Seider and Tate Eqn's (+/- 25%)

Eq 6-2 (Conservative w/res to 6-3) TURBULENT Re > 3000
(mu/muW = 1) Film Coefficent
Nu hf [W/sq.mm-K] 7.59E-03 for +25%
44.28 | _gb07E0sd | 4.55E-03 for -25%
WATER TEMPERATURE RISE

Delta-T [deg.C] = .0038 x P [W1/ Q [gal/min]
P[W] Q[gal/min] Delta-T [deg.C]
400 0.30 5.1 <-Should be less than 40°C

100 0.30 1.3

*See page 178 of Holman's Heat Transfer (Orange cover)
Recall Nu=hD/K

Eq. 6-5
Nusselt Channel Length ~ LAMINAR hf +/-25%
Number L[cm] Film Coefficent
LAMINAR hf [W/sq.mm-K]
(assumes (assumes Re Pr Dh/ L>10)
mu/muW = 1) 3.73E-03 for +25%
21.77 10.00 I 2.98E-03 l 2.24E-03 for -25%

For L= 100 mm
Re Pr Dh/L = 1603.3
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CONVECTIVE FILM COEFFICENT CALCULATIONS ZGgrM
FOR WATER
Fluid Flow Heat Transfer Equations 10/26/99
Height,in Width, in Length, in
0.500 0.091 3.937
Change only Values that appear in Bold Tube Width, p  Tube Height, 1 Ratio
This sheet for Rectangular Sections 2300.00 100000.00 43
HYDRAULIC DIAMETER Dh = 4A /P
A [sq.in.] P [in.] Dh [in.] equivalent
0.05 1.18 0.15 Diam [in.]
0.24
A [sq.cm] P [cm] Dh [cm.]
0.29 3.00 0.39

FLOWRATE q=VA
FLOW RATE Q [gal/min] = (q [cu.ft/sec])(60 [sec/ min})(7.479 [gal/cu.ft]) , .

V [ft/sec] A [sq.ft] q [cu.ft/sec] Q [gal/min]
7.00 3.14E-04 2.20E-03 BOBRE0L

REYNOLDS NUMBER= 8276
Re = (V [ft.sec] x Dh [ft] x rho [Ibm/ cu.ft]) / mu [Ibm/ft.sec]

A% Dh rho mu
[ft/sec] [£t] [Ibm/cu.ft] [Ibm/ ft.sec]
7.00 1.28E-02 62.3 6.73E-04
@20 deg.C @20 deg.C

CONVECTION HEAT TRANSFER
Film Coefficient hf = (k/Dh) x Nu

Conductivity Hydraulic. Dia. Prandt]
k [W/cm-K] Dh [em] ' Pr
@20°C @20°C
6.02E-03 0.389466667 8.56

per Seider and Tate Eqn's (+/- 25%)

Eq 6-2 (Conservative w/res to 6-3) TURBULENT Re > 3000
{mu/muW =1) Film Coefficent
Nu hf [W/sq.mm-K] 1.45E-02 for +25%
75.24 | =meE029 | 8.72B-03 for-25%
WATER TEMPERATURE RISE

Delta-T [deg.C] =.0038 x P [W] / Q [gal/min]
P [W] Q[gal/min] Delta-T [deg.C]
*
400 0.99 1.5 <-Should be less than 40°C

100 0.99 04

*See page 178 of Holman's Heat Transfer (Orange cover)
Recall Nu=hD/K

Eq. 6-5
Nusselt : Channel Length LAMINAR hf +/-25%
Number Llcm] Film Coefficent
LAMINAR hf [W/sq.mm-K]
(assumes (assumes Re Pr Dh/ L>10)
mu/muW =1) 5.04E-03 for +25%
26.09 10.00 [ 403E03 | 3.02E-03 for -25%

For L= 100 mm
Re Pr Dh/L = 2759.2
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Appendix III. Material Property Reference

Copper Alloys 55

Oxygen-Free, High Conductivity Copper,
OFHC Copper

EHEMICAL COMPOSITION (%) =

[ Cu99.95 Min. |
L PHYSICAL PROPERTIES
B/IELTING RANGE (°F)
E)ENSITY (Ibs/in®) 68F

E‘HERMAL EXPANSION (in/in °F x 10 to the power of -6)! .
EELECTRICAL RESISTIVITY (ohms/cir mil/ft.)68F j

| MECHANICAL PROPERTIES - TEMPER = A }
|TENSILE STRENGTH ( psi x 10° );E]pz ]
|YIELD STRENGTH ( psi x 10° ) HB ]
|[ELONGATION (% ) QBHS “}
|[HARDNESS gEﬂmo (Rockwell)]

[ MECHANICAL PROPERTIES - TEMPER = 1/ |

[TENSILE STRENGTH ( psi x 10°)|[=][45 ]

|YIELD STRENGTH (psix 10°) g[’ﬂps ]
|[ELONGATION (%) gH@ ]
[HARDNESS | E;ﬁso (Rockwell)|

| MECHANICAL PROPERTIES - TEMPER = H__j
|TENSILE STRENGTH ( psi x 103ﬂ[=:;,50 !

[YIELD STRENGTH ( psi x 10° ) =45 ]
[ELONGATION (%) =0 g
[HARDNESS |F|[B30 (Rockwell)]

! APPLICATIONS AND C'HAI{ACTERISTICQl
L Glass-to-metal seals j}

o1

6/25/99 8:49 AM
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Metal Powders
1} Cubond® Brazing Paste

AMERICAS §
GlidCop®
Microbond Solder Paste

GlidCop® Dispersion Strengthened Copber

GlidCop® is OMG Americas' registered trade name for copper that is dispersion
strengthened with ultrafine particles of aluminum oxide. GlidCop® is produced
using our patented internal oxidation powder metallurgy process whereby
aluminum oxide is formed within the copper matrix. These oxide particles harden
the copper matrix, while minimally reducing the electrical and thermal conductivity
properties of the copper matrix. This results in a unique combination of high
strength and high conductivity unmatched by other copper alloy systems.
GlidCop® is even more unique in that the aluminum oxide particles are thermally
very stable. They remain effective in strengthening the copper matrix and resisting
grain coarsening even after very long exposures to high temperatures as in
brazing or high temperature duty cycles. GlidCop®, thus, resists softening due to
annealing up to temperatures in excess of 1000° C.

GlidCop® has been commercially available for over 20 years, and is available in
three grades based on aluminum oxide content. GlidCop® AL- 15 has the lowest
aluminum oxide content, thus, the lowest strength, but has physical properties
closest to pure copper. GlidCop® AL-25 has slightly more aluminum oxide, which
results in higher strength at the expense of a slight reduction in conductivities. The
AL-60 grade has the most aluminum oxide and is the strongest grade, yet still has
about 78-80% of pure copper's conductivities. All three GlidCop® grades can be
further strengthened by cold work. GlidCop® can serve a broad range of strength
and conductivity requirements based on the needs of an application.

Nominal chemistry and room temperature properties of the three GlidCop® grades
are as follows.

I of2 ' 7/23/99 11:11 AM



TTITT s emsavmavee e oL p N s AUp WAUAVER UWLUELGLIIVG LUP UL M ww W-D\jrlll'lll\.alulb.\,ULAu BuuLLp.uu

#3
GlidCop® AL-15 GlidCop® AL-25 GlidCop® AL-60

Al,04 3 wit% .5 wt% 1.1 wt%
Cu Balance Balance Balance

. 54 Meg S/m 50 Meg S/m 45 Meg S/m
Electrical Cond. 92% IACS 87% IACS 78% IACS
Thermal Cond. 365 Watt/m/°K 344 Watt/m/°K 322 Watt/m/°K

Yield Strength
(with 0% cold work)

X:r?tll? %2}:'}%’; work) 441-517MPa  469-544 MPa 551-600 MPa

Yield Strength
(after 1000° anneal)

255-331 MPa 296-372 MPa 413-517 MPa

255-331 MPa 296-372MPa  413-517 MPa

GlidCop® is available in a wide range of extruded and drawn shapes and sizes,
including rounds, rectangles, wire, plates, tubes, and strip. It is also available on a
limited basis in powder form for select P/M applications. -

For applications that require excellent electrical and thermal conductivities

combined with high strength and exceptional resistance to high temperature
annealing, GlidCop® is the answer. Contact us us for more information.
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